Our data show that there has been a long history of human impacts at the site which have culminated in its current unfavourable condition. Several distinct episodes of past peat cutting are evident as hiatuses in peat accumulation; however, peat accumulation and plant community structure have subsequently recovered spontaneously. The appearance of occurs coevally with an unprecedented variety of recent anthropogenic impacts, all of which have arguably contributed to providing a suitable environment for its rise to dominance. We have dated the appearance of to the latter half of the twentieth century which corresponds to a number of anthropogenic press disturbances, including: dust loading from post*war expansion of the adjacent quarry; burning; drainage; airborne pollution; and contamination from soil dust and agrochemicals.
[4] [ ] Our study demonstrates the importance of palaeoecology for understanding the trajectories of peatland development and ecosystem dynamics, including their resilience and resistance to pulse and press disturbances. We show that peatlands have the capability to recover spontaneously from severe disturbances such as peat cutting, albeit on timescales much longer than those applied to monitoring of restoration efforts.
The implications are relevant for determining whether it is better to manage and restore peatlands, or to allow them to recover naturally without human intervention. Northern peatlands provide globally*valuable ecosystem services, including soil carbon storage (Gorham, 1991; Turunen 2002) , water*quality moderation (Holden, 2005) and habitat provision for endemic plants, particularly the moss genus (Rydin and Jeglum, 2013) . In some northern European nations the combustion of peat also accounts for an important component of domestic energy budgets (e.g., Turunen, 2008) , making peatlands a valuable natural resource. However, many peatlands face increasing impacts from changes in climate (Ise 2008) , land*use (e.g., Brown 2015) and disturbance regimes (e.g., wildfire) (e.g., Kettridge 2015), as well as direct damage from drainage and peat harvesting (Turunen, 2008) . Relatively modest disruptions to peatland ecohydrology can set into motion a number of positive feedbacks between ecological, hydrological and biogeochemical processes at the ecosystem*scale that could potentially lead to the rapid degradation of peatlands and the catastrophic loss of their soil carbon stocks over short timescales (Ise 2008) . On the other hand, it is also possible to identify a number of negative feedbacks that can provide both resistance and resilience in the face of disturbance (e.g. Belyea, 2009; Waddington 2015) . As such, it is difficult to judge the overall vulnerability of peatlands to disturbances, and to determine the most appropriate conservation techniques and land management policies to preserve their valuable ecosystem services.
Efforts to restore damaged (usually drained and harvested) peatlands have focussed on rewetting in order to promote re*colonisation, enhance peat accumulation and subdue carbon dioxide emissionsalbeit often at the expense of elevated methane emissions and greater global warming potential (e.g., Wilhelm 2015) -on timescales of years to decades. Plant community structure and carbon sequestration in harvested peatlands can sometimes recover spontaneously in the decades that follow intensive harvesting without deliberate restoration efforts (Lavoie 2003; Graf 2008) ; while others continue to degrade rapidly, sometimes despite heavy investment in restoration and conservation (González & Rochefort, 2014) . Compound disturbances, such as drought followed by wildfire (e.g., Sherwood 2013) or repeated harvesting in the same peatland (Cooper 2001) , can alter peat hydraulic properties F o r P e e r R e v i e w sufficiently to surpass the ecosystem's threshold for resistance or resilience. The result can be runaway degradation, including loss of biodiversity and soil carbon (Waddington & McNeil, 2002; González 2013) . Studies that document peatland ecosystem dynamics after harvesting shed some light on the resilience of peatland ecosystem services, although the study periods are typically no longer than 50 to 70
years (e.g., Yli*Petäys 2007), and are often much shorter. Observations over longer timescales are required in order to gain a fuller appreciation of post*disturbance recovery or degradation and the effects of restorative interventions. Palaeoenvironmental reconstructions of ancient disturbances in peatlands offer the possibility to fill the gap until longer*term studies become available.
The aim of our study is to use a multiproxy palaeoecological dataset from a degraded British raised bog (Swarth Moor) to assess its resilience to ancient pulse disturbances and its resistance to contemporary compound press disturbances. We use the terms 'pulse' and 'press' to mean disturbances that occur quasi* instantaneously or more gradually, respectively (after Bender 1984) . In reference to peatland ecosystem services we also distinguish between resistance (the insensitivity of a system to disturbances) and resilience (the ability of a system to recover after a disturbance), according to Grimm and Wissel (1997) .
Various strands of evidence suggest that the bog has undergone extreme disturbance in the past. The site provides a unique opportunity to study long*term ecosystem trajectories in response to disturbance events over timescales far beyond those of contemporary monitoring studies. The site and its ecosystem services are also currently threatened by multiple factors, including climatic change, inputs of dust from nearby quarries, relatively high levels of background nitrogen deposition, and changes in land management. We recognise the importance of climate in influencing peatland development (e.g. Barber, 1981 to the dominance of , and also the lack of certain species of moss (Labadz . 2000 , Meade . 2007 , Headley, 2010 .
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We collected eight surface monoliths in February/March 2014 from the highest points along parallel transect lines ( Figure 1 ). We used these surface samples to perform preliminary tests for the presence or absence of spheroidal carbonaceous particles (SCPs) to determine if the top 20 cm of the contemporary bog surface was intact. Particles of elemental carbon (SCPs) that form during high temperature combustion of coal and oil can provide an unambiguous indicator of atmospheric pollution from industrial sources over the last ~150
years (Swindles, 2010) . We subsampled our surface monoliths in 5 cm contiguous blocks. We then processed each subsample using nitric acid (HNO 3 ) extraction after Swindles (2010), and mounted the precipitate on microscope slides using Histomount. Further fieldwork was then undertaken to collect a series of longer peat cores from strategic sample points across the site to provide adequate material for multiproxy analysis from the upper 1 m of the bog's surface.
Three peat cores were extracted from small hollows constrained within the baulks between obvious peat cuttings on the Swarth Moor site using a wide*capacity Russian D*section corer with a 100 cm long chamber (Jowsey, 1966 , De Vleeschouwer . 2010 . Core locations are: Core SM1: 54.1218°N, 2.2962°W; Core SM2: 54.1220°N, 2.2984°W; Core SM3: 54.1221°N, 2.3009°W (see Figure 1 ). Each core*set was taken from three overlapping sample points, the horizontal distances between which were no more than 100 cm, to provide sufficient and stratigraphically comparable material for multiproxy analysis. The cores were sealed in plastic wrap, returned to the laboratory and stored in refrigeration at 4°C prior to sub*sampling.
Testate amoebae were extracted from the core samples using a modified version of the method described by Hendon and Charman (1997) , using deionised water as a storage medium and mountant rather than glycerol. Quadrat and leaf count plant macrofossil analysis was undertaken following Barber . (1994) . Plant macrofossils were identified using Grosse*Brauckmann (1972, 1974, 1992) (2010) . Non*pollen palynomorphs (NPPs) were identified to provide additional palaeoenvironmental data (cf. Pals & van Geel (1980); and van Geel . (1982 and van Geel . ( /1983 and van Geel . ( , 1986 and van Geel . ( , 2003 ). These data are presented as percentages (n = 350). All data were plotted using C2 (v.1.7.6; Juggins, 2014).
Loss*on*ignition (LOI) analysis was carried out following Schulte and Hopkins (1996) Blauuw, 2010) . Age* depth models were generated using linear interpolation, which was deemed the only appropriate model due to the hiatuses in the record. Any 14 C dates that caused an age reversal were removed from the model.
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Analysis revealed that SCPs were present in the eight surface monoliths and the three deep cores ( = 11),
indicating that there has been at least some degree of recent peat accumulation across Swarth Moor ( Figure   3 ). All three cores (SM1, SM2 and SM3) were stratigraphically and compositionally similar (Table 1) .
However, AMS 14 C determinations reveal that the bog stratigraphy is not continuous. There is a series of hiatuses revealed by the age*depth models (Figure 4) with later peat*cutting activity most probably occurring before the ~1850s AD, which cut down into the peats dating from the Dark Ages (1335*1279 cal. BP).
In core SM3 the early industrial rise of SCPs is not present in the record, suggesting that the peatland was cut after the ~1850s. This recent cutting extends down into Bronze Age peats (4147*3934 cal. BP) (see Figure 5 -SM3). The maximum and minimum accumulation rates calculated from the age*depth models were used to approximate the thicknesses of peat removed at each core location ( After hiatuses 2b and 3a there is an increase in , prior to an increase in abundance bog body from Denmark who was found beside ancient peat cutting tools, provides a precedent for prehistoric peat cutting in Europe (Glob, 1969) . There is also evidence for Bronze Age deep*peat cutting from the Outer Hebrides of Scotland (Branigan 2002) . It is unclear how long peat accumulation took to re*establish on the cut surfaces, but these severe pulse disturbances have evidently been insufficient to overcome the ecosystem's capacity for resilience in the long term. The repeated re*initiation of peat accumulation was almost certainly spontaneous ( , without deliberate restoration efforts by humans),
suggesting that peat C accumulation and plant community structure at our site have been highly resilient to harvesting. However, the plant macrofossil data suggest that re*establishment of plant communities has taken different pathways after each disturbance event ( Figure 7 ). After past periods of cutting, the ecosystem underwent limited further disturbance (e.g. lower levels of charcoal, low levels of elemental pollutants), and clearly had sufficient time for vegetation communities to re*establish and peat formation to resume. The early success of after hiatuses 2b and 3a is consistent with contemporary observations of re* colonisation on restored peat surfaces (e.g. Lavoie and Rochefort, 1996) .
The distinctive black*brown coloured uppermost peats have been attributed to recent drier and warmer climate leading to more humified peats as well as raised levels of soil dust from intensified agriculture identified at other sites in the Yorkshire Dales (Rushworth, 2010; Turner . 2014; Swindles 2015b) .
Synchronous peaks in chemical elements in the top ~10 cm of the cores, such as aluminium, calcium, iron, magnesium, silicon, titanium and yttrium, are attributed to a sudden and heightened influx of minerogenic dust*loading from localised quarrying (Harrison . 2002 , Nieminen . 2002 and anthropogenically* triggered soil erosion (Hölzer & Hölzer, 1998) . Near*surface peaks in calcium, copper, arsenic, cadmium, lead, phosphorous, potassium, and uranium may reflect dust*loading, or agrochemical/agricultural slurry* rich dust/spray, soil*erosion, atmospheric pollution, natural trace lithogenic and marine aerosol deposition (Chalmers 1990; Shotyk, 1996 Shotyk, , 1997 Shotyk, , 2002 Shotyk 2002; Shotyk & Krachler, 2010; Denaix 2011) . Calcium (in the form of field lime) is also still used as a fertiliser and to neutralise acidification in surface soils (Olson, 1987) . The notable cross*element correlation in the geochemical data in the top ~10 cm , 1985; Robinson & Sutherland, 2002; Ogaji, 2005) . Modern atmospheric pollutants also appear to be an additional contributory factor and may explain the presence of cadmium, copper, lead, zinc and uranium, with these peaks coincident with changes in post*war industry and energy*generation.
The most recent testate amoeba communities may have been affected by dust deposition and these results need to be treated with caution (e.g. Ireland and Booth, 2012) . Nevertheless, the water* (Farmer, 1993; Ireland 2014) . In particular, the decline of in many British and Irish peatlands has been attributed to human*environment impacts, specifically dust*loading and burning (Swindles . 2015a).
Our findings indicate that there was no single trigger for the significant and sudden rise in abundance of in Swarth Moor. There is a clear correlation between the rise to dominance of the species and contemporaneous rises in micro*charcoal, the reduction of organic matter (LOI), and nutrient (e.g. P)
deposition and dust*loading (e.g. Al, Ti) within a hydrologically variable and heterogeneous site ( Figure 12 ). The rise of can be constrained to within a . 25 year window that coincides with the first major expansion of the adjacent quarry ~1946*1973 (see Figure 2 ). This also coincides with increased inputs of nitrogen deposition and increased burning. Increased deposition of nitrogen is likely to have come from from the intensification of agriculture locally as well as regional increases from vehicular and industrial sources. However, the decline of Type 112 (a coprophilous marker) in the uppermost part of the cores may correspond to the reduction and eventual cessation of animal grazing within the peatland in recent years (Labadz . 2000 , Meade . 2007 , Headley, 2010 .
Increased deposition of dust from the expansion of the quarries will have increased the inputs of nutrients and base minerals to the bog surface. Additionally, burning likely favoured by removing the dwarf*shrub cover as well as increasing mineral concentrations in the surface layers. Other factors may have also been important, including changes in grazing regime; the absence of any recent management strategy to remove or reduce ; and hydrological changes in the site due to drainage and recent climatic variability. We surmise that these various factors have combined to form a compound press disturbance, sufficient to cause major and ongoing changes to ecosystem structure and functioning.
Our study illustrates how peatlands can recover naturally over long timescales from anthropogenic pulse disturbances, such as major peat cutting. Although spontaneous recovery of vegetation on peat surfaces following peat cutting has been recorded previously (Campeau and Rochefort, 1996; Cooper 2001; Lavoie 2003) , and evidence of peat cutting has been found in the palaeoecological record (Buttler 1996; Magyari 2001), our research shows spontaneous recovery after several episodes of damage. In comparison, the magnitude of the anthropogenic compound press disturbances in the last ~50 years appears to be sufficient to overcome the ecosystem's capacity for resistance in the short term. Our study site represents an example of a peatland subjected to extreme local impacts from human activity, but may provide explanations for events observed on other peatlands. Our work may also serve as a model for the future of peatlands if land*use intensity and impacts continue to increase into the Anthropocene. 
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Percentage testate amoebae data from cores SM1*3. The water table reconstruction is shown with errors generated from bootstrapping. The orange line denotes the depth of the first appearance of leaf epidermis in each core. The probable hiatuses are illustrated.
: + Key data from each sequence plotted against age (the data are interpolated across the hiatuses).
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